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SECTION  I 
INTRODUCTION 

This  report  examines  the  various  types  of  electrical  parametric  tests  which 
can  be  conducted  on  sequential  logic  circuits  (e.g.,  shift  registers,  counters) 
to  determine  the  circuit  performance  following  exposure  to  a radiation  environ- 
ment. The  Intent  of  this  effort  was  to  Identify  those  test  techniques  and  test 
conditions  which  provide  the  most  useful  and  accurate  information  in  analyzing 
circuit  performance  degradation  resulting  from  transient  and  permanent  radiation 
damage  effects.  Four  types  of  sequential  logic  Integrated  circuits  were  employed 
to  conduct  this  experiment.  Eight-bit  shift  registers  and  binary  counters  from 
both  the  transistor-transistor-logic  (TTL)  and  complementary  metal-oxide-silicon 
(CMOS)  technologies  were  tested.  The  four  circuits  are  listed  in  table  1. 

Table  1 
TEST  DEVICES 


Device  Technology  Part  Number 


Function 


HL 

SN7491A 

8-b1t  shift  register 

CMOS 

MM74C164 

8-bit  parallel  out  shift 
register 

TTL 

SN74LS197 

binary  counter 

CMOS 

MM74C163 

binary  counter 

All  four  circuits  were  exposed  to  a gamma  dose-rate  environment  in  the  Air 
Force  Weapons  Laboratory  (AFWL)  Febetron  705  flash  X-ray  facility.  The  circuits 
were  irradiated  in  the  dynamic  mode  of  operation.  Since  all  four  circuits  were 
tested  through  transient  upset  conditions,  this  experiment  provided  a hardness 
comparison  between  the  TTL  and  CMOS  devices  in  a dose-rate  environment.  Because 
neutron  displacement  damage  has  a negligible  effect  on  MOS  technology  devices, 
only  the  TTL  circuits  were  exposed  to  a neutron  environment.  The  exposure  took 
place  at  the  Sandia  Pulsed  Reactor  II  (SPR  II)  with  no  bias  applied  to  the  cir- 
cuits. For  similar  reasons,  only  the  MOS  devices  were  subjected  to  the  total 


3 


gattma  dose  environment.  This  was  done  at  the  AFWL  Co-60  gamma  source  with  a 
worst  case  bias  applied  to  the  circuits. 

All  circuits  were  characterized  both  before  and  after  Irradiation  using  a 
Fairchild  5000/5800  Integrated  circuit  test  system  capable  of  performing  only 
parametric  and  time  delay  tests.  Control  devices  from  each  of  the  four  device 
types  were  used  to  monitor  the  Fairchild  system  for  Internal  variations  In 
parameter  measurement  which  could  adversely  affect  the  data  taken  on  the 
Irradiated  parts.  Two  external  circuits  were  required  to  provide  signal 
conditioning  for  two  of  the  Fairchild  5000/5800  output  signals  which  Interface 
with  the  device  under  test  (OUT).  The  first  circuit  was  needed  to  correct  a 
pulse  rise  time  problem--for  the  TTL  clrcults—whlch  resulted  from  the  need  to 
clock  the  devices  during  characterization.  The  clocking  was  performed  by  repro- 
gramming the  DC  power  supplies  from  a logical  Input  "0"  to  "1"  and  back  to  "0." 
The  pulse  rise  time  of  the  Fairchild  5000  programmable  power  supplies  Is  about 
15  us  for  transitions  from  0 to  3 volts.  Due  to  the  speed  at  which  they  operate, 
the  TTL  devices  could  easily  mistake  a single  pulse  with  a 15  ys  rise  time  for 
several  pulses.  The  slower  running  MOS  devices  did  not  experience  this  anomaly. 
Therefore,  a pulse  shaper  circuit  was  designed,  using  a Schmitt  trigger,  which 
provided  the  TTL  circuits  with  a pulse  having  a 10  ns  rise  time.  The  second 
circuit,  which  was  used  for  the  time  delay  tests,  was  required  to  produce  the 
proper  clock  frequency  for  the  DUT  using  the  pulse  generators  in  the  Fairchild 
5800.  The  DUT  requires  one  frequency  for  the  data  and  double  that  frequency  for 
the  clock  pulse.  The  Fairchild  5800  has  two  pulse  generators.  The  pulse  width 
and  time  delay  can  be  set  Independently  for  each  pulse  generator;  but  the  fre- 
quency, although  variable.  Is  the  same  for  both  generators.  Therefore,  the 
external  circu1t--a  frequency  doubler--was  connected  to  the  output  of  one 
generator  to  provide  the  clock  frequency.  The  circuit  schematics  for  the  pulse 
shaper  circuit  and  the  frequency  doubler  circuit  are  shown  In  figures  1 and  2, 
respectively. 
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SECTION  II 

CIRCUIT  OPERATION  AND  ELECTRICAL  CHARACTERIZATION  TESTS 

1.  SN7491A  8-BIT  SHIFT  REGISTER 

a.  Circuit  Operation 

This  standard  TTL  8-bit  shift  register  is  serial  input  and  serial 
output.  The  truth  table  is  shown  in  table  2.  Note  that  t^  is  the  time  before 
a clock  pulse  occurs,  and  t^^g  is  the  time  after  eight  clock  pulses  have 
occurred. 

Table  2 

SN7491A  TRUTH  TABLE 


^n  ^n+8 


Inputs  A and  B must  be  in  a logic  state  for  a given  time  before  the  clock  occurs 
to  enable  the  logic  state  to  enter  the  shift  register.  This  time  is  called  the 
set-up  time.  The  timing  is  illustrated  below. 
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b.  DC  Parametric  Tests 

All  of  the  dc  parametric  tests  listed  in  the  Texas  Instruments  (TI)  TTL 
Data  Book  specification  sheet,  and  some  additional  special  dc  tests,  were  per- 
formed on  this  device.  The  dc  parametric  tests  listed  by  Texas  Instruments  were 
output  voltage,  input  current,  power  supply  current,  and  short  circuit  output 
current.  Since  this  is  a two-input  device,  the  correct  output  state  for  output 
voltage  measurements  was  obtained  by  holding  one  of  the  inputs  at  2.5  volts  and 
clocking  the  other  input  eight  times  with  the  appropriate  input  high  and  input 
low  voltages.  The  test  system  is  restrained  from  making  any  measurements  until 
determined  states  appear  at  the  output.  The  special  tests  consisted  of  deter- 
mining the  output  current  required  to  cause  a shift  in  the  output  logic  level. 

These  special  tests  were  performed  to  determine  the  sink  current 
required  to  cause  outputs  Q and  IJ"  to  shift  above  the  logical  "0"  specification 
level,  and  the  source  current  required  to  cause  output  Q and  to  shift  below 
the  logical  "1"  specification  level.  Since  the  amount  of  current  which  the 
output  transistor  can  sink  or  source  is  directly  tied  to  the  fanout,  this  test 
will  indicate  how  the  fanout  changes  with  increasing  radiation  levels.  The 
tests  were  conducted  by  forcing  a sink  or  source  current  and  measuring  the 
resultant  output  voltage.  The  current,  which  was  Initially  less  than  that 
required  to  produce  a zero  or  one  state  for  a fanout  of  ten,  was  increased  in 
Increments  of  0.5  ma  and  the  output  voltage  monitored  until  a one  state  dropped 
below  2.4  volts  or  a zero  state  went  higher  than  0.4  volt.  The  amount  of  current 
at  which  the  failure  occurred  determined  the  allowable  fanout  of  the  device  at 
the  particular  radiation  level. 

c.  Time  Tests 

The  time  tests  performed  on  this  device  were  propagation  delay,  output 
pulse  rise  and  fall  time,  and  set-up  time.  Propagation  delay  measurements  were 
conducted  for  the  following  cases: 

(1)  Propagation  time  from  clock  to  output  Q 

(2)  Propagation  time  from  clock  to  output  IT  (tpL_^ 

(3)  Propagation  time  from  clock  to  output  Q (tp^_L  ) 

(4)  Propagation  time  from  clock  to  output  IT 

Each  of  the  four  cases  was  tested  in  two  modes.  First  one  input  was  held  at  2.4 
volts  and  the  second  input  pulsed,  and  then  the  situation  was  reversed.  The 
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output  pulse  rise  and  fall  time  measurements  were  performed  on  both  Q and 
This  was  also  accomplished  by  holding  one  input  high  and  pulsing  the  other,  and 
then  reversing  the  inputs.  Set-up  time  tests  were  performed  by  delaying  the 
clock  pulse  by  0,  5,  12,  24,  and  30  ns  from  the  input  pulse.  These  time  tests 
are  performed  with  a TTL  load--w!iich  is  equivalent  to  a fanout  of  10--applied  to 
the  outputs. 

2.  SN74LS197  BINARY  COUNTER 

a.  Circuit  Operation 

This  is  a low  power  Schottky  TTL  four-bit  counter  in  which  all  the  bits 
are  programmable  or  presettable.  When  the  count/load  input  is  set  low,  the  bits 
are  set  to  the  logic  states  on  inputs  A,  B,  C,  and  D.  The  counter  can  also  clear 
the  bits  to  the  "0"  state  by  setting  the  clear  input  to  "0."  Table  3 illustrates 
the  truth  table  for  clock  counting. 


Table  3 

SN74LS197  TRUTH  TABLE 

Count/Load  = "1"  Clear  = "1" 


Count 

Qd 

Qc 

% 

'^A 

Count 

Qd 

Qc 

% 

Qa 

0 

0 

0 

0 

0 

8 

1 

0 

0 

0 

1 

0 

0 

0 

1 

9 

1 

0 

0 

1 

2 

0 

0 

1 

0 

10 

1 

0 

1 

0 

3 

0 

0 

1 

1 

11 

1 

0 

1 

1 

4 

0 

1 

0 

0 

12 

1 

1 

0 

0 

5 

0 

1 

0 

1 

13 

1 

1 

0 

1 

6 

0 

1 

1 

0 

14 

1 

1 

1 

0 

7 

0 

1 

1 

1 

15 

1 

1 

1 

1 

b. 

DC  Parametric 

Tests 

As  with 

the  SN7491A, 

all  of  the  dc 

parametric 

tests 

listed 

in  the 

TI  Data 

Book  specification  sheet,  and  some  special  dc  tests,  were  performed  on  this  device. 
The  dc  parametric  tests  included  output  voltage,  input  current,  power  supply  cur- 
rent, and  short  circuit  output  current.  The  additional  tests,  sink  current  in  a 
low  state  and  source  current  in  a high  state,  were  used  to  determine  the  fanout 
capability  of  the  device  after  irradiation.  The  first  special  test  required  the 
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device  to  be  cleared  to  all  low  levels.  A sink  current  was  forced,  and  Increased 
in  magnitude,  until  an  output  voltage  of  0.5  volt  was  achieved.  The  resulting 
current  was  then  recorded.  The  second  special  test  was  performed  in  the  same 
manner,  except  that  a source  current  was  forced  until  an  output  voltage  of  2.7 
volts  was  obtained. 

The  high-level  and  low-level  output  voltages  were  both  obtained  in  two 
different  ways.  The  high-level  output  voltage  was  obtained  by  clocking  the 
counter  to  a count  of  15  (all  "l"s)  and  by  loading  all  "l"s  from  the  input  to 
the  output  with  the  count/load  low.  The  low  level  was  obtained  by  setting  the 
clear  low  (which  automatically  drives  all  outputs  low)  and  by  setting  the  clear 
high,  the  count/load  low,  and  loading  all  "0"s  into  the  counter.  The  high-level 
output  voltage  is  measured  while  sourcing  800  uA,  and  the  low-level  output  volt- 
age is  measured  whil  sinking  8 mA.  Table  4 presents  the  output  voltage  test 
conditions  in  tabular  form. 


Table  4 

SN74LS197  OUTPUT  VOLTAGE  TEST  CONDITIONS 


Count/Load 

Clear 

Inputs 

Outputs 

A 

B 

C 

D 

Qa 

^B 

Qc 

Qd 

1 

1 

CLOCKED 

OPERATION 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

X 

X 

X 

X 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

c.  Time  Tests 

All  of  the  propagation  delay  measurements  specified  in  the  TI  TTL  Data 
Book  specification  sheet  were  performed.  The  tests  were  divided  into  four  cate- 
gories, depending  upon  the  reference  input,  as  follows: 

(1)  Propagation  time  from  clock  to  output 

(2)  Propagation  time  from  input  to  output 

(3)  Propagation  time  from  count/load  to  output 

(4)  Propagation  time  from  clear  to  output 

To  test  the  propagation  time  from  the  clock  to  the  output,  the  device  was  loaded 
to  a count  such  that  when  the  clock  pulse  occurred  the  output  being  tested  would 
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switch  from  a low  to  a high  state.  This  procedure  was  repeated  to  test  outputs 
switching  from  the  high  to  the  low  state  also.  The  delay  from  the  A,  B,  C,  and 
D Inputs  to  the  outputs  was  measured  by  setting  the  count/load  to  a low  state 
and  then  pulsing  the  data  Input  being  tested.  This  was  done  for  outputs  switch- 
ing both  to  the  high  and  the  low  states.  The  propagation  delay  between  the 
count/load  and  output  was  obtained  by  setting  a logic  state  at  an  Input  and 
shifting  that  data  through  to  Its  corresponding  output  by  driving  the  count/load 
Into  the  low  state  with  the  reference  pulse.  The  output  must  be  of  the  opposite 
state  from  the  Input,  prior  to  application  of  the  reference  pulse  to  the  count/ 
load,  so  that  the  new  output  pulse  can  be  detected.  This  measurement  was  also 
made  for  the  output  switching  to  both  the  high  and  the  low  states.  The  propaga- 
tion delay  from  the  clear  to  the  output  was  tested  by  setting  the  output  under 
test  high  and  then  driving  the  clear  low.  Due  to  the  function  of  the  clear, 
this  measurement  can  be  obtained  only  for  outputs  switching  from  high  to  low. 
These  time  tests  were  performed  with  a TTL  load  equ^ valent  to  a fanout  of  10 
applied  to  the  outputs. 

3.  MM74164  8-BIT  PARALLEL  OUT  SHIFT  REGISTER 

a.  Circuit  Operation 

This  CMOS  8-b1t  shift  register  has  parallel  output  and  serial  shift 

Input.  Data  are  serially  shifted  In  and  out  of  the  8-b1t  register  with  the 

positive  going  edge  of  the  clock.  Each  bit  of  register  has  a parallel  output. 

Table  5 Illustrates  the  truth  table  for  this  circuit;  t Is  the  time  before  the 

n 

clock  pulse  and  t^^^  Is  the  time  after  the  clock  pulse.  Is  the  parallel  out- 
put from  the  first  bit. 


Table  5 

MM74C164  TRUTH  TABLE 


A B 

1 1 1 

0 1 0 

1 0 0 

0 0 0 


All  the  bits  may  be  cleared  by  applying  a low  state  to  the  clear  Input. 
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b.  DC  Parametric  Tests 

The  following  dc  parameters  were  tested  on  this  device: 

(1)  High  state  output  voltage 

(2)  Low  state  output  voltage 

(3)  High  state  input  current 

(4)  Low  state  input  current 

(5)  Supply  current 

The  parametric  conditions  used  to  perform  these  tests  (as  well  as  those  for  the 
other  CMOS  device)  were  taken  from  the  National  Semiconductor  CMOS  Integrated 
Circuit  book. 

Threshold  voltage  shift  measurements  for  individual  transistors  within  these 
devices  could  not  be  made  due  to  the  inability  to  isolate  Individual  transistors. 
The  low  level  output  voltage  was  checked  using  four  different  input  conditions: 

(1)  Input  A low,  input  B high,  8 clock  pulses 

(2)  Input  A high,  input  B low,  8 clock  pulses 

(3)  Input  A low,  input  B low,  8 clock  pulses 

(4)  Clear  low 

The  high  level  output  voltage  was  checked  by  setting  inputs  A and  B high  and 
clocking  this  input  through  the  8 bits.  All  output  voltage  measurements  were 
made  after  each  clock  on  the  appropriate  bits  and  with  the  proper  sink/source 
current  applied.  The  input  current  measurements  were  made  for  input  voltages 
applied  to  both  inputs,  the  clock,  and  the  clear,  individually.  Supply  current 
measurements  were  taken  with  the  inputs  in  both  the  high  and  low  states. 

c.  Time  Tests 

Four  types  of  time  tests  were  performed  on  these  devices; 

(1)  Propagation  time  from  clock  to  output 

(2)  Propagation  time  from  clock  to  output  j 

(3)  Rise  time  of  output  pulse 

(4)  Fall  time  of  output  pulse 

Each  test  was  conducted  first  with  one  input  held  high  and  the  other  input 
pulsed  and  then  vice  versa.  Only  alternate  bit  outputs  were  considered  when 
performing  these  measurements. 
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4.  MM74C163  BINARY  COUNTER 

a.  Circuit  Operation 

This  is  a CMOS  4-bit  counter  in  which  all  the  bits  are  programmable  and 
a ripple  carry  is  available  for  cascading.  When  the  load  input  is  set  low,  the 
bits  are  set  to  the  logic  states  on  inputs  A,  B,  C,  and  D after  the  next  clock. 
Similarly,  a low  level  at  the  clear  input  sets  the  bits  low  after  the  next  clock 
Both  enable  inputs  T and  P must  be  high  for  clocking.  Table  6 illustrates  the 
truth  table  for  this  circuit. 


Table  6 


MM74C163  TRUTH  TABLE 


Clr 

T 

p 

Inputs  A,  B,  C,  0 

0 

X 

X 

X 

1 

X 

X 

1 

1 

X 

X 

0 

1 

1 

1 

X 

Note: 

X = 

doesn't  care 

Load 

X 

0 

0 

1 


'n+1 


Q^,  B,  C,  D 


0 

1 

0 

Counting 


b.  DC  Parametric  Tests 

The  dc  tests  for  this  device  were  the  same  as  for  the  shift  register 
except  for  the  addition  of  a check  on  the  P and  T enable  inputs.  As  with  pre- 
vious devices,  each  test  was  performed  under  the  various  input  conditions  which 
achieve  the  desired  output,  as  applicable. 

c.  Time  Tests 

Propagation  delay  measurements  were  obtained  from  the  clock  to  outputs 
Qa*  Qg.  Q(;.  Qq.  and  the  ripple  carry.  This  was  accomplished  for  outputs  transi- 
tioning from  high  to  low  and  from  low  to  high. 
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SECTION  III 

TRANSIENT  IONIZING  RADIATION  TESTS 

All  four  device  types  were  subjected  to  a short  pulse  20  ns  width)  dose- 
rate  environment  while  In  a dynamic  mode,  using  AFWL's  Febetron  705  flash  X-ray 
(FXR)  machine.  The  purpose  of  this  testing  was  to  study  logic  upset  under 
transient  radiation  conditions.  Four  of  each  device  type  were  used  for  these 
tests;  three  devices  for  Irradiation  and  one  for  a control.  Each  device  was 
electrically  characterized  prior  to  Irradiation  to  obtain  a preirradiation  data 
base.  The  devices  were  then  characterized  after  various  radiation  levels  to 
check  for  permanent  damage  effects.  Dynamic  failure  was  defined  as  a change  In 
the  logic  state  of  a bit  due  to  the  radiation.  Figure  3 shows  the  schematic  of 
the  general  test  setup  used  for  the  transient  radiation  logic  upset  tests.  The 
TTL  load  Is  used  to  simulate  an  approximate  fanout  of  10.  Rj^  equals  200n  for 
the  standard  SN7491A  and  800fi  for  the  low  power  Schottky  SN74LS197.  A 0.1  pF 
capacitor  Is  applied  In  parallel  with  the  power  supply  to  hold  It  constant 
during  the  radiation  pulse.  Fifty  ohm  terminators  were  used  at  the  oscilloscopes 
to  reduce  reflections  down  the  coaxial  cables.  LH0033C  unity  gain  line  drivers 
were  used  with  a dIvIde-by-two  resistive  divider  network  to  provide  the  necessary 
drive  for  the  50  ohm  terminated  cables.  The  devices  were  Irradiated  with  the 
output  In  the  high,  low,  and  transition  states  to  find  the  worst  case  failure 
mode.  Figure  4 shows  the  Input  and  output  conditions  for  each  of  the  four 
device  types  during  testing.  The  TTL  devices  were  clocked  at  5 MHz,  while  the 
CMOS  devices  were  clocked  at  500  kHz. 

Table  7 Is  a list  of  the  failure  levels  for  each  of  the  device  types. 

Although  the  failure  was  assumed  to  occur  somewhere  between  the  highest  level 
at  which  the  devices  passed  and  the  level  at  which  they  failed,  the  table  pre- 
sents the  highest  radiation  levels  In  which  all  four  devices  of  each  type  did 
not  experience  logic  upset. 
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Figure  4.  Circuit  Biasing  During  Transient  Tests 
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Figure  4 (cont).  Circuit  Biasing  During  Transient  Tests 
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Table  7 

TRANSIENT  UPSET  FAILURE  LEVELS 


Device 

Function 

Failure  Level  (Rads(S1 )/sec) 

SN7491A 

8-b1t  shift  register 

2.0  X 10* 

MM74C164 

8-b1t  parallel  out 
shift  register 

2.0  X 10* 

SN74LS197 

Binary  counter 

3.0  X 10* 

MM74C163 

Binary  counter 

2.0  X 10* 
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SECTION  IV 

NEUTRON  RADIATION  TESTS 

Fifteen  SN7491A  and  fifteen  SN74LS197  circuits  were  Irradiated  at  the 
Sandia  Pulsed  Reactor  (SPR)  in  Incremental  neutron  fluence  levels.  After  each 
incremental  neutron  fluence  was  reached,  the  devices  were  electrically  tested 
on  the  Fairchild  5000/5800.  The  cumulative  neutron  fluence  levels  at  which  the 
devices  were  electrically  tested  are  shown  below. 

2.8  X 10“  n/cm* 

7.8  X 10“  n/cm* 

4.1  X 10“  n/cm* 

1.4  X 10“  n/cm* 

4.6  X 10“  n/cm^ 

7.3  X 10“  n/cm* 

These  fluence  levels  are  1 MeV  equivalent.  All  30  devices  were  irradiated 
together  with  no  electrical  bias  applied  to  them.  One  of  each  device  type  was 
not  irradiated  for  use  as  a control  device. 

Figures  5 through  13  and  figures  14  through  22  illustrate  the  electrical 
parametric  degradation  resulting  from  neutron  fluence  damage  on  the  SN7491A 
shift  register  and  the  SN74LS197  binary  counter,  respectively.  The  data  are 
plotted  for  a device  from  each  circuit  type  which  is  representative  of  the 
average. 

Figures  5 and  14  are  plots  of  the  logic  "1"  and  logic  "0"  output  voltag®«: 
versus  neutron  fluence.  The  output  voltage  measurements  were  made  with  load 
currents,  which  simulate  a fanout  of  10,  applied  to  the  outputs.  The  output 
low  voltage  failure  threshold  was  defined  as  0.8  volt,  and  the  output  high 
voltage  was  defined  as  2.0  volts. 

Both  the  SN7491A  and  the  SN74LS197  failed  between  1.4  x 10“  n/cm*  and 
4.6  X 10“  n/cm*.  The  failure  resulted  from  the  output  low  voltage  becoming 
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greater  than  0.8  volt.  This  is  caused  by  the  neutron  induced  beta  degradation 
of  the  output  transistors  of  the  device.  As  beta  decreases  on  these  transistors, 
less  current  can  be  sunk  by  the  transistors  before  they  enter  the  lineet  region 
of  operation.  When  the  current,  which  can  be  sunk,  becomes  less  than  the  fanout 
of  10  sink  current,  the  output  transistors'  collector  emitter  voltage 
which  equals  the  output  voltage,  will  increase  suddenly  as  a result  of  the  linear 
operation  of  the  transistors.  This  is  illustrated  in  figures  5 and  14. 

Figures  6 and  7 are  plots  of  the  output  drive  and  sink  current  for  the 
SN7491A.  Similarly,  figures  15  and  16  are  plots  of  the  output  drive  and  sink 
current  for  the  SN74LS197.  These  currents  also  decrease  as  a result  of  the 
neutron  induced  beta  degradation  of  the  circuit  output  transistors.  The  infor- 
mation is  valuable  for  determining  the  fanout  capability  of  these  devices  for  a 
given  neutron  fluence. 

Figures  8,  9,  10,  and  11  and  figures  17,  18,  19,  and  20  show  the  neutron 
induced  change  in  the  short  circuit  output  current,  supply  current,  and  input 
current  of  the  SN7491A  and  SN74LS197,  respectively. 

Figures  12  and  13,  and  figures  21  and  22  illustrate  the  neutron  induced 
changes  in  propagation  delay  time  of  the  SN7491A  and  the  SN74LS197,  respectively. 
The  relative  changes  of  the  propagation  delay  times  are  more  important  than  the 
actual  values,  since  the  capacitive  loading  of  the  Fairchild  5000/5800  is  uncer- 
tain. 

The  information  contained  in  these  figures  characterizes  the  neutron  fluence 
response  of  these  TTL  sequential  logic  circuits  very  well. 
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Figure  6.  SN7491A  Sink  Cu 


Figure  7.  SN7491A 


Figure  8.  SN7491A  Short  Circuit  Output  Current  vs.  Neutron  Fluence 


Figure  9.  SN7491A  Supply  Current  vs.  Neutron  Fluence 
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Figure  11.  SN7491A  Input  High  Current  vs.  Neutron  Fluence 
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Figure  15.  SN74LS197  Sink  Current  vs.  Neutron  Fluence  (V 


Figure  16.  SN74LS19 
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Figure  20.  SN74LS197  Input  High  Current  vs.  Neutron  Fluence  (V 
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Figure  22.  SN74LS197  tpu,  vs.  Neutron  Fluence 
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SECTION  V 

TOTAL  GAMMA  DOSE  TESTS 

The  MM74C164  and  MM74C163  were  exposed  at  various  levels  at  the  AFWL  Co®® 
source  for  total  gamma  dose  survivability.  Fifteen  devices  of  each  type  were 
biased  with  all  inputs  tied  to  VCC.  The  30  devices  were  arranged  so  all  devices 
received  equal  exposure.  After  each  exposure  level,  all  30  devices  and  2 con- 
trols were  tested  on  the  Fairchild  5000/5800. 

The  cumulative  total  gamma  dose  exposure  levels  at  which  the  devices  were 
electrically  tested  are  shown  below. 

196  rads(Si) 

360  rads (Si) 

I 1490  rads (Si) 

3956  rads (Si) 

6088  rads (Si) 

Figures  23  through  26  and  figures  27  through  30  illustrate  the  electrical 
parametric  degradation  resulting  from  total  gamma  dose  damage  on  the  MM74C164 
shift  register  and  the  MM74C163  binary  counter.  The  data  are  plotted  for  a 
device  from  each  circuit  type  which  is  representative  of  the  average. 

Figures  23  and  27  are  plots  of  the  logic  "1"  and  "0"  output  voltages  versus 
total  gamma  dose.  MM74C163  and  MM74C164  failed  to  logically  operate 

after  1490  rads(Si).  The  output  voltage  levels  did  not  degrade,  but  the  logic 
outputs  failed  to  switch  to  the  correct  state.  Figures  24,  25,  and  26,  and 
figures  28,  29,  and  30  show  the  total  gamma  dose  induced  change  in  the  supply 
current,  and  tp^^^  of  the  MM74C164  and  MM74C163,  respectively.  As  shown 

in  the  output  voltage  and  supply  current  p'’ots,  the  supply  current  Increased 
significantly  when  the  output  voltage  failures  occurred.  The  increased  supply 
current  (leakage  current)  and  output  voltage  failures  are  a result  of  the 
radiation  indiced  n-channel  threshold  voltage  shifts  in  the  CMOS  circuits. 

Since  the  threshold  voltages  cannot  be  measured  directly  on  the  circuits,  the 
supply  current  can  be  used  to  indicate  threshold  voltage  shifts  and  output 
voltage  failures. 
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Figure  23.  MM74C164  Output  Voltage  vs.  Total  Gamma  Dose 


Figure  24.  MM74C164  Supply  Current  vs.  Total  Gamma  Dose 


Figure  27.  MM74C163  Output  Voltage  vs.  Total  Gamma  Oose 


Figure  28.  MM74C163  Supply  Current  vs.  Total  Gamma  Dose 
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SECTION  VI 
CONCLUSIONS 

The  electrical  testing  of  these  devices  was  relatively  straightforward. 

The  devices  were  required  to  be  preconditioned  for  parametric  and  functional 
tests.  With  the  Fairchild  5000/5800  tester,  preconditioning  was  accomplished 
by  reprogramming  the  dc  power  supplies.  The  test  programs  were  written  to  test 
the  devices  for  all  possible  modes  of  operation.  The  testing  will  Identify 
Internal  gate  failures  In  the  circuits.  The  external  modes  were  tested  as 
specified  by  the  manufacturer.  Additional  tests  were  performed  on  the  TTL 
devices  to  determine  the  output  drive  or  fanout  capability.  The  threshold 
voltages  of  the  CMOS  devices  could  not  be  directly  measured.  However,  the 
supply  (leakage)  current  related  to  the  threshold  voltage  shifts  was  measured. 

Worst  case  gamma  dose-rate  failure  threshold  occurred  with  the  devices 
operating  at  maximum  frequency.  The  devices  were  Irradiated  with  the  output 
being  In  high,  low,  and  transition  states  to  obtain  worst  case  failure  mode. 

The  highest  radiation  level  at  which  no  devices  within  a given  group  experienced 
an  upset  was  2 x 10*  Rads(S1 )/sec.  for  both  CMOS  device  types  and  for  the  TTL 
shift  register,  and  3 x 10*  Rads  (S1)/sec.  for  the  low  power  Schottky  TTL 
counter. 

Only  the  TTL  device  types  were  subjected  to  neutron  radiation  since  MOS 
technology  devices  are  not  very  susceptible  to  neutron  damage.  Failure  for 
both  the  TTL  and  low  power  Schottky  TTL  device  types  occurred  between 
1.4  - 4.6  X lO*”  n/cm*  (1  MeV  equivalent).  Failure  resulted  from  the  output 
low  voltage  exceeding  0.8  volt.  The  output  voltage  measurements  were  made  with 
loads  simulating  a fanout  of  10.  It  Is  apparent  that  the  output  drive  measure- 
ments are  Important  because  the  fanout  of  the  devices  decrease  with  radiation 
and  result  In  an  error  before  any  Internal  logic  failures  occur. 

Only  the  CMOS  device  types  were  subjected  to  total  dose  tests.  All  devices 
were  biased  with  Inputs  tied  to  Logic  failures  occurred  between  1490  and 

3656  Rads(SI)  for  both  the  shift  registers  and  counters.  At  3656  Rads(SI)  the 
output  voltage  levels  did  not  degrade,  but  the  logic  output  failed  to  switch  to 
the  correct  state  for  the  applied  Inputs.  Supply  current  measurements  can  be 
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used  to  predict  this  logic  state  failure  which  Is  caused  by  n-channel  threshold 
shifts. 

In  conclusion,  the  electrical  tests  performed' on  these  sequential  logic 
circuits  enabled  excellent  radiation  characterization  of  the  circuits. 
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AHN:  ATSE-CTD-CS,  C.  5.  Grazier 
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Cormander  in  Chief 
U.S.  Army  Europe  and  Seventh  Army 
ATTN:  OOCSE-E  AEAGE-PI 

Comnandant 

U.S.  Army  Field  Artillery  School 

ATTN:  ATSFA-CTD-ME,  Harley  Moberq 

Commander 

U.S.  Army  flateriel  Dev.  S Readiness  Cmd. 

ATTN:  DRCDE-D,  Lawrence  Flynn 

Commander 

U.S.  Army  Missile  Comnand 

ATTN:  DRSMl-RGD,  Vic  Ruwe 

ATTN:  DRSHI-RRR,  Faison  P.  Gibson 

ATTN:  DRCPM-PE-EA,  Wallace  0.  Wagner 

Chief 

U.S.  Army  Nuc.  and  Chemical  Surety  Gp. 

ATTN:  MOSG-ND,  Maj  Sidney  W.  Winslow 

Coimander 

U.S.  Army  Nuclear  Agency 

ATTN:  ATCN-W,  LTC  Leonard  A.  Sluga 

Commander 

U.S.  Army  Tank  Automotive  Command 

ATTN;  DRCPM-GCM-SW,  Lyle  A.  Wolcott 

Commander 

U.S.  Army  Test  S Evaluation  Comd. 

ATTN:  DRSTE-ND,  Russel  R.  Galasso 
ATTN:  DRSTE-EL,  Richard  I.  Kolchin 

Commander 

White  Sands  Missile  Range 

ATTN:  STEWS-TE-NT,  Marvin  P.  Squires 

DEPARTMENT  OF  THE  NAVY 

Chief  of  Naval  Research 
ATTN:  Code  427 

Commandinq  Officer 
Naval  Avionics  Facility 

ATTN:  Branch  942,  D.  J.  Repass 

Commander 

Naval  Electronic  Systems  Command 
Naval  Electronic  Systems  Cmd.  Hqs. 

AHN:  Code  5032,  Charles  W.  Neill 
ATTN:  Code  504511,  Charles  R.  Suman 
ATTN;  Code  50451 
ATTN;  PME  117-21 

ATTN:  Elex  05323,  Cleveland  F.  Watkins 

Commanding  Officer 

Naval  Intelligence  Support  Ctr. 

ATTN:  NISC-45 

Director 

Naval  Research  Laboratory 

ATTN;  Code  4004,  Emanual  L.  Branca  to 
ATTN:  Code  2627,  Doris  R.  Folen 
ATTN:  Code  5210,  John  E.  Davey 
ATTN:  Code  6440  George  Sigel 
AHN:  Code  601,  E.  Wolicki 
ATTN:  Code  6631,  James  C.  Ritter 
ATTN:  Code  5216,  Harold  L.  Hughes 
ATTN:  Code  7701,  Jack  D.  Brown 


DEPARTMENT  OF  THE  NAVY  (Continued) 

Commander 

Naval  Sea  Systems  Comwnand 

ATTN:  SEA-9931,  Riley  B.  Lane 
ATTN:  SEA-9931,  Samuel  A.  Barham 

Officer-in-Charge 

Naval  Surface  Weapons  Center 

ATTN:  Code  WA52,  R.  A.  Smith 

ATTN:  Code  WA501,  Navy  Nuc.  Prgms.  Off. 

ATTN:  Code  WA50 

Commander 

Naval  Weapons  Center 

ATTN:  Code  533,  Tech.  Lib. 

Commanding  Officer 

Naval  Weapons  Evaluation  Facility 
ATTN:  Code  ATG,  Hr.  Stanley 

Commanding  Officer 

Naval  Weapons  Support  Center 

ATTN:  Code  7024,  James  Ramsey 
ATTN;  Code  70242,  Joseph  A.  Hunarin 

Commanding  Officer 

Nuclear  Weapons  Tng.  Center,  Pacific 
ATTN : Code  50 

Director 

Strategic  Systems  Project  Office 

ATTN:  SP-2701,  John  W.  Pitsenberger 
ATTN:  NSP-2342,  Richard  L.  Coleman 
ATTN:  NSP-27331,  Phil  Spector 

DEPARTMENT  OF  THE  AIR  FORCE 

AF  Geophysics  Laboratory,  AFSC 
ATTN:  J.  Emery  Cormier 
ATTN:  LGO-Stop  30,  Freeman  Shepherd 
ATTN:  LQR,  Edward  A.  Burke 

AF  Institute  of  Technology,  AU 

ATTN:  ENP,  Charles  J.  Bridgman 

AF  Materials  Laboratory,  AFSC 
ATTN:  LTE 


AF  Weapons 

Laboratory,  AFSC 

ATTN 

ELS 

ATTN 

ELA 

ATTN 

NTS 

ATTN 

ELXT 

ATTN 

DEX 

10  cy  ATTN 

ELP,  Lt  Knoll 

2 cy  ATTN 

SUL 

ATTN 

HO,  Dr.  Minge 

AFTAC 

ATTN 

TFS,  Maj  Marion  F.  Schneider 

Air  Force  Avionics  Laboratory,  AFSC 

AHN 

DHE,  H.  J.  Hennecke 

ATTN 

DHH,  C.  Friend 

ATTN 

DH.  Lt  Col  McKenzie 

ATTN 

AAT,  Mason  Friar 

AUL 

ATTN:  LDE 
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DEPARTMENT  OF  ENERGY  (Continued) 


Compander 

ASD 

ATTN 

ASD/ENESS,  Peter  T.  Marth 

ATTN 

ASD-YH-EX,  Lt  Col  Robert  Leverette 

ATTN 

ENACC,  Robert  L.  Fish 

Headquarters 

Electronic  Systems  Division/YS 

ATTN 

YSEV 

Headquarters 

Electronics  Systems  Division/YW 

ATTN 

YWET 

Commander 

Foreign  Technology  Division,  AFSC 

ATTN 

ETDP 

CofTtnander 

Rome  Air  Development  Center,  AFSC 

ATTN 

RBRP,  Clyde  Lane 

ATTN 

RBRAC,  I.  L.  Krulac 

Compander 

Rome  Air  Development  Center,  AFSC 

ATTN 

ETS,  A.  Kahan 

ATTN 

ET,  R.  Buchanan 

ATTN 

ETS,  R.  Dolan 

SAMSO/IN 

ATTN 

IND,  I.  J.  Judy 

SAHSO/MN 

ATTN 

MNNH 

SAMSO/RS 

ATTN 

RSMG 

ATTN 

RSSE 

SAMSO/SK 

ATTN 

SKF 

SAMSO/SZ 

ATTN 

SZJ 

Commander  in  Chief 

Strategic  Air  Command 

ATTN 

XPFS 

AHN 

NRI-STINFO  Library 

DEPARTMENT 

OF  ENERGY 

University  of  California 

Lawrence  Livermore  Laboratory 

AnN 

Lawrence  Cleland,  L-156 

AHN 

Ronald  L.  Ott,  L-531 

ATTN 

Tech.  Info.,  Dept.  L-3 

ATTN 

Hans  Kruger,  L-96  (Class  L-94) 

ATTN 

Joseph  E.  Keller,  Jr.,  L-125 

Los  Alamos 

Scientific  Laboratory 

ATTN 

Doc.  Con.  for  Bruce  W.  Noel 

ATTN 

Doc.  Con.  for  J.  Arthur  Freed 

Sandia  Laboratories 

ATTN 

Doc.  Con.  for  Org.  2110,  J.  A.  Hood 

ATTN 

Doc.  Con.  for  3141,  Sandia  Rpt.  Col 

ATTN 

Doc.  Con.  for  Org.  2140,  R.  Gregory 

f 


Department  of  Energy 
Albuquerque  Operations  Office 
ATTN:  Doc.  Con.  for  WSSB 

OTHER  GOVERNMENT  AGENCY 


Department  of  Commerce 

National  Bureau  of  Standards 

ATTN:  Sec.  Officer  for  Judson  C.  French 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 

Aerojet  Electro-Systems  Co. 

Div.  of  Aerojet-General  Corporation 
ATTN:  Thomas  D.  Hanscome 

Aerospace  Corporation 
ATTN:  John  Ditre 
ATTN:  Irving  M.  Garfunkel 
ATTN:  S.  P.  Bower 
ATTN:  Julian  Reinheimer 
ATTN:  L.  W.  Aukerman 
ATTN:  Library 
ATTN:  William  W.  Willis 

Analog  Technology  Corporation 
ATTN:  John  Joseph  Baum 

Avco  Research  * Systems  Group 

ATTN:  Research  Lib.,  A830,  Rm.  7201 

The  BOM  Corporation 

ATTN:  T.  H.  Neighbors 

The  BDM  Corporation 

ATTN:  D.  R.  Alexander 

The  Bendix  Corporation 

Communication  Division 

ATTN:  Document  Control 

The  Bendix  Corporation 

Research  Laboratories  Division 

ATTN:  Mgr.  Prgm.  Dev.,  Donald  J.  Niehaus 
ATTN:  Max  Frank 

The  Boeing  Company 

ATTN:  Howard  W.  Wicklein,  MS  17-11 
ATTN:  Itsu  Amura,  2R-00 
ATTN:  Aerospace  Library 
ATTN:  Robert  S.  Caldwell,  ’R-00 
ATTN:  Carl  Rosenberg,  2R-0U 

Booz-Allen  and  Hamilton,  Inc. 

AT;N:  Raymond  J.  Chrisner 

California  Institute  of  Technology 

Jet  Propulsion  Laboratory 
ATTN:  J.  Bryden 
ATTN:  A.  G.  Stanley 

Charles  Stark  Draper  Laboratory,  Inc. 

ATTN:  Kenneth  Fertig 
ATTN:  Paul  R.  Kelly 

Cincinnati  Electronics  Corporation 
ATTN:  Lois  Hanmond 
ATTN:  C.  R.  Stump 
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Control  Data  Corporation 
ATTN:  Jack  Meehan 

Cutler-Hammer,  Inc. 

AIL  Division 

ATTN:  Central  Tech.  Files,  Anne  Anthony 

Dikewood  Industries,  Inc. 

ATTN:  L.  Wayne  Davis 

E-Systems,  Inc. 

Greenville  Division 

ATTN:  Library,  8-50100 

Effects  Technology,  Inc. 

ATTN:  Edward  John  Steele 

Exp.  & Math.  Physics  Consultants 
ATTN:  Thomas  H.  Jordan 

Fairchild  Camera  and  Instrument  Corp. 

ATTN:  Sec.  Dept,  for  2-233,  David  K.  Myers 

Fairchild  Industries,  Inc. 

ATTN:  Mgr.  Config.  Data  S Standards 

University  of  Florida 
An  Institution  of  Education 

ATTN:  Patricia  B.  Rambo  for  D.  P.  Kennedy 

Ford  Aerospace  8 Communications  Corp. 

ATTN:  Edward  R.  Hahn,  MS-X-22 
ATTN:  Donald  R.  McMorrow,  MS-G30 
ATTN:  Samuel  R.  Crawford,  MS-531 

Ford  Aerospace  & Communications  Operations 
ATTN:  E.  R.  Poncelet,  Jr. 

ATTN:  Ken  C.  Attinger 
ATTN:  Tech.  Info.  Section 

The  Franklin  Institute 

ATTN:  Ramie  H.  Thompson 

Garrett  Corporation 

ATTN:  Robert  E.  Weir,  Dept.  93-9 

General  Dynamics  Corp. 

Electronics  Div.  Orlando  Operations 
AHN:  D.  W.  Coleman 

General  Electric  Company 
Space  Division 

ATTN:  Larry  I.  Chasen 
ATTN:  John  L.  Andrews 
ATTN:  Joseph  C.  Peden,  VFSC,  Rm.  4230M 

Genera!  Electric  Company 

Re-Entry  8 Environmental  Systems  Div. 

ATTN:  Robert  V.  Benedict 
ATTN:  John  W.  Palchefsky,  Jr. 

ATTN:  Ray  E.  Anderson 

General  Electric  Company 
Ordnance  Systems 

ATTN:  Joseph  J.  Reidi 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

General  Electric  Company 
TEMPO-Center  for  Advanced  Studies 
ATTN:  Royden  R.  Rutherford 
ATTN;  DAS  I AC 
ATTN:  M.  Espig 

General  Electric  Company 
Aircraft  Engine  Business  Group 

ATTN:  John  A.  Ellerhorst,  E-2 

General  Electric  Company 
Aerospace  Electronics  Systems 

ATTN:  Charles  M.  Hewison,  Drop  624 
ATTN;  W.  J.  Patterson,  Drop  233 

General  Electric  Company 

ATTN:  David  W.  Pepin,  Drop  160 

General  Electric  Company-TEMPO 

ATTN;  DASIAC  for  William  Alfonte 

General  Research  Corporation 
ATTN;  Robert  D.  Hill 

Georgia  Institute  of  Technology 
Georgia  Tech.  Research  Institue 
ATTN:  R.  Curry 

Grumman  Aerospace  Corporation 

ATTN;  Jerry  Rogers,  Dept.  533 

GTE  Sylvania,  Inc. 

Electronic  Systems  Grn-Eastern  Div. 

ATTN:  Charles  A.  Thornhill,  Librarian 
ATTN:  James  A.  Waldon 
ATTN:  Leonard  L.  Blaisdell 

GTE  Sylvania,  Inc. 

ATTN:  Paul  B.  Fredrickson 
ATTN;  Herbert  A.  Ullman 
ATTN:  H8V  Group 
ATTN;  Charles  H.  Ramsbottom 

Gulton  Industries,  Inc. 

Engineered  Magnetics  Division 

ATTN;  Eng.  Magnetics  Div. 

Harris  Corporation 

Harris  Semiconductor  Division 

ATTN:  Wayne  E.  Abare,  MS  16-111 
ATTN:  Carl  F.  Davis,  MS  17-220 
ATTN:  T.  L.  Clark,  MS  4040 

Hazel  tine  Corporation 

ATTN;  Tech.  Info.  Ctr. , M.  Waite 

Honeywell  Incorporated 
Avionics  Division 

ATTN:  Ronald  R.  Johnson,  A1622 
ATTN;  R.  J.  Kell,  MS  S2572 

Honeywell  Incorporated 
Avionics  Division 

ATTN:  Harrison  H.  Noble,  MS  725-5A 
ATTN:  Stacey  H.  Graff,  MS  725-J 

Honeywell  Incorporated 
Radiation  Center 

ATTN:  Technical  Library 
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Hughes  Aircraft  Company 

ATTN:  Dan  Binder,  MS  6-D147 
ATTN:  Billy  W.  Campbell,  MS  6-E-llO 
ATTN:  Kenneth  R.  Walker,  MS  D157 
ATTN:  John  B.  Singletary,  MS  6-D133 

Hughes  Aircraft  Company,  El  Segundo  Site 
ATTN:  William  W.  Scott,  MS  A1080 
ATTN:  Edward  C.  Smith,  MS  A620 

IBM  Corporation 

ATTN:  Frank  Frankovsky 

ATTN:  Harry  W.  Mathers,  Dept.  M41 

Inti.  Tel.  & Telegraph  Corporation 
ATTN:  Alexander  T.  Richardson 

ION  Physics  Corporation 

ATTN:  Robert  D.  Evans 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Martin  Marietta  Corporation 
Denver  Division 

ATTN:  Paul  G.  Kase,  Mail  8203 
ATTN;  Research  Lib.  6617,  Jay  R.  McKee 
ATTN:  J.  E.  Goodwin,  Mail  0452 
ATTN:  Ben  T.  Graham,  MS  PO-454 

McDonnell  Douglas  Corporation 
ATTN : Tom  Ender 
ATTN:  Technical  Library 

McDonnell  Douglas  Corporation 
ATTN;  Stanley  Schneider 

McDonnell  Douglas  Corporation 

ATTN:  Tech.  Library,  Cl-290/36-84 

Mission  Research  Corporation 
ATTN:  William  C.  Hart 


IRT  Corporation 

AHN: 

MDC 

ATTN: 

Leo  D.  Cotter 

ATTN: 

R.  L.  Mertz 

Jaycor 

ATTN: 

Catherine  Turesko 

ATTN: 

Robert  Sullivan 

Johns  Hopkins  University 
Applied  Physics  Laboratory 

ATTN:  Peter  E.  Partridge 

Kaman  Sciences  Corporation 


AHN: 

Jerry 

. Lubell 

ATTN: 

Walter 

E.  Ware 

ATTN: 

John  R 

Hoffman 

AHN: 

Donald 

H.  Bryce 

ATTN: 

Albert 

P.  Bridges 

Litton  Systems,  Inc. 

Guidance  & Control  Systems  Division 
ATTN;  John  P.  Retzler 
ATTN:  Val  J.  Ashby,  MS  67 

Litton  Systems,  Inc. 

Electron  Tube  Division 

ATTN:  Frank  J.  McCarthy 

Lockheed  Missiles  & Space  Co.,  Inc. 

ATTN:  Benjamin  T.  Klmura,  Dept.  81-14 
ATTN:  Edwin  A.  Smith,  Dept.  85-85 
ATTN:  George  F.  Heath,  Dept.  81-14 
ATTN;  Samuel  I.  Taimuty,  Dept.  85-85 
ATTN:  L.  Rossi,  Dept.  81-64 

Lockheed  Missiles  1 Space  Co.,  Inc. 

ATTN:  Tech.  Info.  Ctr.,  D/Coll. 

MIT  Lincoln  Laboratory 

ATTN;  Leona  Loughlin,  Librarian  A-082 

Martin  Marietta  Aerospace 

Orlando  Division 

ATTN;  Jack  M.  Ashford,  HP-537 
AHN:  William  W.  Mras,  MP-413 
ATTN:  Mona  C.  Griffith,  Lib.  MP-30 


Mission  Research  Corporation-San  Diego 
ATTN:  V.  A.  J.  Van  Lint 
ATTN:  J.  P.  Raymond 

The  Mitre  Corporation 

ATTN:  M.  E.  Fitzgerald 
ATTN:  Library 

National  Academy  of  Sciences 
ATTN;  National  Materials  Advisory  Board  for 
R.  S.  Shane 

University  of  New  Mexico 

Electrical  Engineering  S Computer  Science  Dept. 
ATTN:  Harold  Southward 

Northrop  Corporation 
Electronic  Division 

ATTN:  George  H.  Towner 
ATTN;  Boyce  T.  Ahiport 

Northrop  Corporation 

Northrop  Research  & Technology  Ctr. 

ATTN;  Orlie  L.  Curtis,  Jr. 

ATTN:  David  N.  Pocock 
ATTN:  J.  R.  Srour 

Northrop  Corporation 
Electronic  Division 

ATTN:  Vincent  R.  DeHartino 
ATTN:  Joseph  D.  Russo 
ATTN:  John  H.  Reynolds 

Palisades  Inst,  for  Rsch.  Services,  Inc. 

ATTN;  Records  Supervisor 

Physics  International  Company 

ATTN:  Doc.  Con.  for  Charles  H.  Stallings 

R&D  Associates 

ATTN:  S.  Clay  Rogers 

Raytheon  Company 

ATTN:  Gajanan  H.  Joshi , Radar  Sys.  Lab. 

Raytheon  Company 

ATTN:  Harold  L.  Flescher 
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RCA  Corporation 
Government  Systems  Division 
Astro  Electronics 

ATTN:  George  J Brucker 

RCA  Corporation 
Camden  Complex 

ATTN:  E.  Van  Keuren,  13-S-Z 

Rensselaer  Polytechnic  Institute 
ATTN:  Ronald  J.  Gutmann 

Research  Triangle  Institute 

ATTN:  Eng.  Div.,  Mayrant  Simons,  Jr. 

Rockwell  International  Corporation 

ATTN:  George  C.  Messenger,  FB6I 
ATTN:  Donald  J.  Stevens,  FA7D 
ATTN;  James  E.  Bell,  HAIO 
ATTN:  K.  F.  Hull 
ATTN:  N.  J.  Rudie,  FA53 

Rockwell  International  Corporation 
ATTN:  T.  B.  Tates 

Rockwell  International  Corporation 
Collins  Divisions 

ATTN:  Dennis  Sutherland 
ATTN:  Alan  A.  Langenfeld 
ATTN;  Mildred  A.  Blair 

Sanders  Associates,  Inc. 

ATTN:  Moe  L.  Aitel,  NCA  1-3236 

Science  Applications,  Inc. 

ATTN:  J.  Robert  Beyster 
ATTN;  Larry  Scott 

Science  Applications,  Inc. 

Huntsville  Division 

AHN:  Noel  R.  Bym 

The  Singer  Company  (Data  Systems) 

ATTN:  Tech.  Info.  Center 

Sperry  Flight  Systems  Division 
Sperry  Rand  Corporation 

ATTN:  D.  Andrew  Schow 

Sperry  Rand  Corporation 
Sperry  Division 

AHN;  Charles  L.  Craig,  EV 
ATTN;  Paul  Maraffino 

Sperry  Univac 

ATTN:  James  A.  India,  MS  41T25 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Stanford  Research  Institute 
ATTN:  Philip  J.  Dolan 

Stanford  Research  Institute 

ATTN:  MaePherson  Morgan 

Sundstrand  Corporation 

ATTN;  Curtis  B.  White 

Systron-Donner  Corporation 
ATTN;  Gordon  B.  Dean 
ATTN;  Harold  D.  Morris 

Texas  Instruments,  Inc. 

ATTN:  Donald  J.  Manus,  MS  72 

Texas  Tech.  University 

ATTN:  Travis  L.  Simpson 

TRW  Defense  A Space  Sys.  Group 

ATTN:  Robert  M.  Webb,  Rl-2410 
ATTN:  Tech.  Info.  Center/S-193D 
2 cy  ATTN;  0.  E.  Adams,  Rl-1144 
2 cy  ATTN:  R.  K.  Plebuch,  Rl-2078 
ATTN:  H.  H.  Holloway,  Rl-2036 

TRW  Defense  & Space  Sys.  Group 

San  Bernardino  Operations 
ATTN:  F.  B.  Fay 
ATTN:  R.  kitter 

United  Technologies  Corporation 

Hamilton  Standard  Division 

ATTN;  Raymond  G.  Giguere 

Vought  Corporation 

ATTN:  Tech.  Data  Ctr. 

Hestinghouse  Electric  Corporation 

Defense  A Electronics  Systems  Ctr. 

ATTN:  Henry  P.  Kalapjca,  MS  3525 
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